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(54) MOS TRANSISTOR AND NON-VOLATILE STATIC RAM USING IT 
(57)Abstract: 

PURPOSE: To attain high speed operation and to attain the non-volatile holding of data by 
constituting a memory cell to be composed of an FF, which uses a floating gate type MOS TR for 
a driver. 

CONSTITUTION: When the drain of one Q1 out of a pair of floating gate type MOSTe Q1 and Q2 
is in H and the drain of the other Q2 is in an L condition, the drain of the TR Q1 is closed to 15V 
by the boosting of a power source voltage and the drain of the TR Q2 goes to be much lower. As 
a result, in the Q4, electron discharge Is executed from a floating gate to the drain and in the Q2, 
electron is discharged from the drain to the floating gate. Thus, the Q1 goes to the condition of 
large driving ability and the Q2 goes to the condition of the small ability. The non-volatile storage 
of this condition change is executed even after a power source is turned off. When the power 
source is inputted again, the TR Q1 Is turned on at first by the difference of the driving ability 
for the TR Q2. Namely, the automatic initial set is executed to the drain of the Q1 to L and the 
drain of the Q2 to H. Such a condition is reverse to a condition before the power source is 
turned off. 
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®f6 m ^ s :*: = fip ?«^Mi»;iWTi7^E/N«im2:i0ri#i& 

aj # IS ^ A 

®ii ^ # IE H m ^ ^ w*^jii«rj(i4f r&^E/hfpi3E^Br 1 #i& 

®aj gSA 

@ft a A #a± s^iL wtm 



■n a « 

1 . » M ® « » 

MOS h9>S>x^CJ:CfCft«ffl^'te 
V 9 R A M 

2 . 

<1) 4^«{4S«l:g>rSIBin««i>7v-x, 

Ki/^v«S««<®flRsn. cn&v — X, ku-< 

r‘ir'-hi®®*<a(t«,nfcMos h5vj^x^i= 

•r«i¥«y — h;><ffl»Sftri»Swt*<««i-r 
fiMOS h 9 > if X 9 , 

(2) — «®M0Sh^;'i>X:^*K9-f/«i 

■t i y y 

,>RAMKte«,<T. WIK — «® 
MOS h 9 > if X ff ti, y— ^»»»«^^l=, il>«£ 

r4iA««»^racad«lua«.'. ;>''3«^®TI=KV 



♦ - h a< mn a nx ^ 9 . 

y-^ic«t:-c-:^©»ar - 

^tzm&Ltzzt’t^iVkt-t^yi^myiii.xfi 9-^ 

9 ^ R A M . 

(3) — W®M0Sh5>S>Xi^itK9-f''<i; 

y^RAMICjSli'T. WE — it<® 
MOS h 9 > if X ^ (i . y~htta»4)is. iS> ti. 

< t t, Ku-r 

r4iA-«:^mca}>6^i=a<i'. i»'0'eoTiihv 
4i-M^«»»*«r-r*»ay - h;»<aa4mr*9, 
y— ^ f^ctT — 3Sr©fltar — h lca^9«•aA•^■ 

-5izMJssn. j««y'fr/PTu-<®Aaj:*85cy 

Si0iaa«n0^ft7aa«i2a/r’>>^799 
yHKA’Sti- & nTi% & = t*4sat^-«^w« 
-yj^RAM. 
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3. ^ n ma ti tn. f A 

[ o s ] 

:»:jewtt, #»»■>' — h*#-#-SMOS hv 

RAM (SRAM) cH-<-*. 

( ^ « A K W ) 

SiB'ir' — h*f$oMOSh 5 >yXi!'l*, 

-9 E E P R OM«3^ ^ y 

Heyl/«(Cffli’^>*l.TV'5, C®ff®EEPROM 
it . y— ^^ft«lu^**^-c^>;^/^aittl=<koa 
«t»? 2 iy — hOlfflTaj^HS'&frV', =? — 9 n 

*!>EEPROMil, WA.tf»ffl-»OM0S 
x^*ffl».’fc-7y -jr-y-^a-yy^/^y-irjui-i- 
* SRAMS» sii^'f’Tdijaiaiiai', 

f£->TEEPROMU, 

— 9 ®« 9 Siet 8 :, 

^ n •& a i: li t£ . 



* B W t ■t- S . 

[ $e o ffi a } 

(»a*j»y!-r* fc»®^s) 
3 ^»<WI=*'*'*M 0 S V ^ 'y \> 7. 9 \t . y — 
h«s»»cp«=say — »>*ffli 2 Lxi 8 fiSsn*, 

ffiU, t!t*®E EPROMS IS ffl(.'^>nr(* 5 S 
ay— hSMOS h 9 > if 7 9 t. it S f£ >3 , if St 
y — h(d ■?••*.*. 

li a V' . ?• + :)i A- fi ;? (SI 1 = « (l> < i t> K u- -< > 

9 («tcWffi-tf'*J:- 5 l"EKSti«. SSy — HT 
iz It . SB O’} i: t 

It 6 n % . 

:♦: 36 (c *' 5 ;?( ft tt S R A M tt , C ® tS tt 

say — hSMo s ► 9 >- 4 >x^© — h’ 7 ■< 

y< t X 7 <J •»y' 70 v'y^-fllaSL/=y'^ '<•*'*' 
tfflv'T, y— yiwauT — ^®#?ay — hi:* 

i-TS. 

^ftiMi:A'i6''S^l®J6ttSRAMIi*fc. «-® 

igi t£ / y y ■fr/i/^rniV'/:JJS 6 i:i?'f?> 3 fii:^~^ 
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— yjsRAMU. 

a38*T*iA:>i>. r — 9 i Hi iS iZ 9 X. i> X -i 
ti 3 >-t*a — 3'®SStttS5B9l= ffl I-' & ti r V’ « . 
LA'LSRAMW, — 

®l6ttjt«ycy— 3'*a6ff^5wt*<*}0ic«i 
4 . */=s 5 «i®»a 5 siTii«;iA«y-f**ife-c 
jn^snsTLi-s. 

(ftBflywiRtj: -7 t-r*affl) 

£l±®J:-5i:. ^ m a iZ 9> ~ 9 i K. Vt V & i 

EEPR0M«it!ifiFaaj6<a<, 

« fc»a»fW)!><^ft 8 's s R AM«:?:fflftl±i:r* — 

F: . 

;$:ftWtt. c® 0 <XBaa*)t?tftL, KS iS 9b 
j4<nJfl6'P LA' L^Wftcy — 9 S 

SRAM^ttifiSitSliSa^iMOS h^vyxi? 

4:ftWI4*A:, ■eralIttMOS H9>i>X!?«: 
jfl('TffiffiLt:^fflfttts RAM^iafife-r^wi 



y y y -fe/kT U'(®A£ii:t3ffli:y— 
tsi£®it, *fccn^®y— 

lB-f- 5 ^flIfttt 2 j 8 » t >979 -/ y®»S*®‘t 

c a > 

*»«(cj:i3iay-HffiMos K5>yx 
9 it . H>4-7HffiA*fJffltr»ay-Hiffi« 
®(a-e«fflf®«a*if<i:'5ciicJ:*). 
%SCfb34. A''3't©SC{t4i-ttfcftt6*^Wfti: 
•(?»*» a*«E EPROM l=ffl 
<.'is>n«f¥ay — HfflMos 

stay - Hiitsw*ttALfctt.«i<-®®**a 
taUfctKffltiril. L*l'fflA*AS <««*±7 
iz t£ ^ X & *) . =©L&v>aoaA»«atLTffl 
^'&ns. LA'LCOEEPROMOffay — H 
aMOS h 9 > if 7 9 it , 

toraTLSv'tt®a*5J:o'®'®Sfi*®®*‘** 

<, cn«--e®t*SRAM®K-9'fy<IC/nV'A: 
a^l^U. SRAMtLT®iEW!ttl^A<'CS^i< 
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tts, ^ > if X ^ 

say— 

Wicui»'y^*4/«aj&a<s<£t.>j>'6, 3!ffly_ 
H'NwafsaAO^fiSCJ:*}. tS(,«(iaid:^£'Si: 
ft 3 ■»*;*«<. -e-ocHiffi^tseftstesc 
*/!:. s®y — + + 

4^S9<tMi[g^SI«ettt8:4<OS‘fr®3tca£-r 

5CiA<Ta*. IS-»TC<0»<£»®y-Kffl 
MOS b9V'yx^*K9^/<iLTffll'r7'; 
•yr7o-»y*i«fiSL, cn*y<'ii-b/uiL-r 
SRAM*wa-rntf, SRAMtUrOiE*® 

rafi s RAM#<igaT# 5 . 

^^^ISnjltCASSRAMU. V9Lt>* if f -t i 
R5(='t<OB5a>y — ^ISjBi;xK9-f/<MOS H9 
V if x99> — yi<am&>f — hicffi®«ittA-r5c 
tirj;»J, K9-</«MOS V^> if xSfnK.n\li. 
ij a>«i t 

•J'5CliA<T?&4. 7 *— 

MOS h ^ > if X ^ tz it '< X T A* f) u A' i . « 
S;«-7BJO«fflt*i®OT^gSttJSi=l!!jJWftan* 

w & iz /X e , 

-eC7:3:%n(OSRAM?li:, M ^ >} -b T U 

-fioAai^asicT* — i'RteiHitts-aw-. 

vj^-79 7 y0K* 
at^T. H«ji*B#»zAtu?j7»— ^'*R<e*-a-« 
CilCAO. iELt'amL, »!&*;»« fftotliC 
teas, 

( sc Rl 94 > 

PAT , 

-r 4 . 

S 9 iae. — xa 9 i««®y— hSMos 
\'^>PX»X»&o C«)l4^ffia*wL. 

(b) , (c) t± ^ ti V n (a) <a K — K' . B 

-B' ariB*«-r. pffls i3EEic®T»a« 
mm2A<ma.s*v, « 7 » a a e » 2 -c bb x n e 
«aey — hnums^ALXY — h is. m 6 i* b 

BEsnTv^s. coy-haBi6esafidft4iz 
a * m<» V ^ X , KU^>ffl«7, 8i»»®«3n 



??BBT 2-3180 ( 3 ) 

*R.Bet-»TK9'f'<M0S h 9 > if X ^ C3 I, 

a I' a « f& t a ft »>< a < . a jb us * a a k ® <t 
T-s^tt-cfesot?. SRAMttriEffasa 
atUL, :?; 

wsfett^faystts i t*<-cs 5 , 

tCS'?4:®9I<0SRAM7a, asSafTBSIZ 
— :^< 7 >Mos h 9 >i^x^'-eg!ay— hcana 
a«-4t(.*, ■e«aAie^«i3< ury— 
iaiz»}ai,fc«6, affl*«iaAi-fcB#i=y-^ 
A<R *£•#■*. R< 395 l=«Jt(fnf -7 4 i;k*#AS 
t, aSQE^iS< tft^lzKU-f>'b< *L* lx 
y— h*< "H* U'<>>l'{n<OMOS h X > if 
A^K«v*T, >?®y-bea^*<j4A3ns, 
w®tSAw«Mos h ^ > if X » tf it . aay — 
hT®L»\'ffl;6<S<a6;»‘. ^ay— hay^ 

+ 6, h 9 > if X 9 

^<3turaLai»ffla?&fa6r. sc»wey 

xtSSioWtSkABiu. coa®fl 6 ?t;®ffiTUfcttI 

oMos Ku-r y -s i£ it ft ^ eo 



Tii'So y — hteftB)5‘(>ic(i, 

•seaay — h 4 i<ffl>ftii*n-cv» 5 . a*aa 
y-h4ii, y7 + yi^ffl:^Mai(:a. 

A»«Wi + Wa iZit^L-cnWi y 

■*'*>i'fi^i^cov'-ca*# 3 ©y + ; 4 sjHti,i + 
La e«Lry 7 */USLi ©fiB 5 ^«^ao± 5 e 
/<i' — > 0 Sri{ 3 nTi'S, fflL, ^ay— h 4 © 
Ku-f >«9<saa Kix-f >««7e»»LTa» 
4ns, way — h4©T©y + y/i^ffi«±ea 
» (.»!.>* /I' «»«3*<»fi£3n-Cl»S, 
a2iaa. :©aay — i>smo s h? y if x 
^©«tt*«yy— hattvg -Kix-<>a« 
lo ©MffiTss. jjiay— h-N© ttT i£ A , a 
jutfranai.'®*), aa (•<•) 
cnaa»®Mos hy>yA^iisicT*So 
y— hlziE©W«tt (WA«fl5V) -feaftiL. 

7 — ;^. («A(XOV> tys 

i, »ay-h4ehV*^Ptttt»3*ftLT« 

^A<aAsns, c© AMOS h9>y;t^a, 
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fjaiy — h4OT<DLSi.'fflj0<S(<^f0, 

+ Wj a'^>Wj cMiJ>l.TK 
»l»6*i9<C£T-#-S. (D) 

i± A< X it i- 5 , MOS h9>yx^^«:iurc0 

t # I.' IS 11 , ^ -v 4i /Hi w j « ffi jo» a: It t Ai I-' 

te ^6 «> £• gC It /»< «£ i’ « ft U y — h i V — X * tt 18 

&<kL. if Z 

y — h4#'-3Kl''fVlci8^®Stdli>*eO. 
y — h4©TraL.Sv'fflflSSE«<fiTt’5. i+ti; 
iORttllttWI'*') wi'Sictti, cwo#fcl* 

9 > y X ? ± » t t TT o L * u ffl ae It II f& if <1 t' . 

C-JCTC®SttfiW<OMOS 
US'.'ia«ff*f&<!fffiltS'tt'-5-i<c<. sstefi 
**seits*, U/l'(>eroftS«-:pW5fecr»f9-r 
SCi/^l-CSS. 

JB30I1, I60|?*6W«>MOS 

»liai:«Jtai-ti’T!i5Uyst>®T?**. gSlHi 
a/‘x5^(i, ^ajy — h4y'^-ir-*/i'&*i»ii=M 
LTIiy-haB6il5)«. ^ + 4./l'«S«4t<** 
«-5i-5CLfc/aT*«, 



aiea-asaii, 

Ra SBTiail&ffiKp^’r 

:)l/PMOS h V > ^ Q 1 , Q 6 •SrRJ'-'fc 

CMOS®, w8iai4fi?5t=D#’'fyMOSh9 
> i> X ^ Q 7 . Qs *ffll'/lE/D{atLfcl>0 
t2 if, !& , 

— WraK9'f''<M0S . Qa *«. 

B?iEL/:»jBy— hffiiMOS 

*fc. Q>. Q4Hy«'jy — Kttf’rhlSlwtt 

tt-4-*A-<-7y>yMos 

ai*WAi:s RAM/i ^y-(t/UiO/'«^' — vM«-» 
9BICW-4-, cni*. WsaoE/'Da^^UHr 

z z Ti t± , if M y — h S 0 

h' ^ ■{'< M O S h ^ > if X 9 Q I . Q 2 it , #21 

y_ |.4^y_ W Kl^-I i'fiiaflll 

(2«ijtus«^fcW>ai Lri.'®. 

COHl^iy^U-lr/V^aaHiSE-rSCil^Ji 
•j, SRAMi4M9 6n*. iOSRAMliaW® 
sRAMii3i«, 



?5fifl¥ 2-3180 (4> 
gj4Bl«. coMos h^vyx^-oistt^w 
2a(iWJCs-ttT«r, «^«-#isy-h4icffi 

(-<> (D) 1= 

«<t/J<ffiltt-S, iOP#L#V‘fflOgElttllitA/ 
CC*t?l4Jfei?)a4SOTi(M«t?**. if 

ay-h4wttT'«taiMf^«<ftt7i. #ay- 

fz A . i'') ® 

J; -J Al -S tt 1C 4 . 

»5HliaiC(lb©?5JSf!OMOS H9vyx^ 
«»iaic«iBSFers<Lyst>®x*5. 
o©*js«x(4. f?ay-^4o•F•^ffi<•|'V'A 

/PRSaiJStUTIi'iOlcJIL, CO^SjKSWXII, 
say — H40 — SB* KU-f >?/jtiS7±.IC?BtllU 
S-ttX. h*U-r>®«7±(CSB»iSi^«ch>A/P«S 
^619*19' 14 TV> coUtSBi^icAoXl). ^ 

^®«a«a«jo<a*it-4-6«i4X5fe©«i0© 

ft 1C, «±©J:'5<t:<:J8B^®MOS l-9>yx 

^*ffll'XS RAM*Wfi£L.fc^lS«l>l*S6W7-S. 



*®»siiateix*«®xavi**< . 

C®SRAMOaai*4-7C-#-S4a6KI4, * 
®t #®#j« * y ■b/u®ft.®*^spaicE{87'5o 
c ti. II . m 28 « s V pp* a Tit « 8» s a ta s ( 0<j 
Awrsv) (c«ur»«ffi (MAifisv) tc± 
if^cticAOiffeti*. ftliWicBiaAil. ®6 
H®/i«y-ir/»'*fflv’xaw-4'-5t, V'*— :^r® 
S9>yx^Q, OKU^Vy *H' u < /\, . ftk 
^©h9VyX;7Q2 ®KU>f>y ‘L' U^/W 
®ttffllc*i«^, «i«‘aa®±»l=J:*5. 
>yx4Qi ®h'U'fVI4l5VlCje«6. h5 
> ii X y Q 2 

itr«. c®ea, h9>yx4Qi xiisay 
— hj>» & >— '■®18^SittiiA<^lC, b'5 >y 

x#-Q2 x« ku-< >*'&say - hic«^ya 
Asn£« cnicAu. h ^ > if X Q , iiffils 
*67l®Ad«.'ttffl (a20®ffltt (/') ®tt») 
t ft 9 , h -^ > if X ^ Q 2 ll®»ft67jO/J'*l'« 

as ( i» 2 B <o 01 a (□> ©ftffi) <ca&. z it i, 

©ttfflffilhclfltcfiigflL/ti^ic, fSiay*7lc 
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®ja»S»AW. > ^ > if X fi Q I , Qa lit 

OffinffiA0fii:J:O. m ^ a< 9t tz ;r > t t£ ^ , 

flPS. K5>-^X^Qi CO V U ^ > A* • L ’ U 'Z 

Jl , }• 9 > if X ^ Q 1 i> U -1 > A< 'H* U^n/|C 

is»a4c»iina£sti«. c^M^sa. y 

Wi<oVitatSi-el6 & . 

ttii, «»t;r'7lc-#-*«^«=tt«a£E«-tfl!> 

SRAMi^SBlwIBflx 

i tz , 3e«tO(9«PiSicfej(U6-c#5J;^l=. « 

c:-jLT:2t:?69!o>t'J*A.-eci, ai^iiKii 
‘osemu. %ra4-7D$irt«}ieis} 

L«' 

4», K9^/<i>9viJx^i=4S»«aoaay- 
hSlMOS a«<D 

S RAMiS£6/tl' H5 

J35fc-a-itSRAM«-19«Ci/»<TS«, <1L. 



OI^ODI«l«7^aSSi:tEttL. «fi[«»ALTfll 
B3as<Oi:-5C>ty-(r;u:?TU 
•<Jl®tBWIl^TS«BLTI,»S. Z ntt y 9 y 
i^ta]l»18*<WSU. y-KNiJ»<*H* U"<A-, 
y-KNa *< *L' dl*®©RC 

cnicj: 

9i£Ll'HI»<0tetilU;»4 78t« Zc0^8. lilT} 

ATjssos^masiK 

1 6 fc-f -y ^ n r? i it . 

trj't'J-byl/TUWfcSi&t. 2SSffl«i|jC 
7iBaAirJ:»J. yt'J-b>WTU-fll©«tt 
fi?lffiR»ZLr^lCS*« t«-»Ti©<tSliSS)ll 
t, flrii«.K-r-^Seii^®itt«« C®iS 
^^viMslJftlSOttfflbSGLT, y-KN, 
li * L • U A /U , y — K N a li * H * U A yU i tt 
0. cnitJ;i9S*KlS»0»16, 17lttnt 
nA7)«^, 

IZ U i o 

Z 6 L"C:A:f6VilzJ:nti, mSiArytzX9HIVl 
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ajei:l3«L.A:tlMB(i1Bni9aANli:SC-^«A: 

» , mm<r>SRAbt40»auz^i.yX(iZti>Sr1iB« 

JSlOHli, T'-i'R*B*»«t-50*6*#i!lO 
{,fzAcf6<!acasRAMci>mAift*^i-, SRAM 
jttg'bJi/TU'f 1 llc«L.TA*lEl*Sl 2. Id 
Alsl»13. A*^<»7 t14, ta a '< y y t 
15^A<Sittiim«lzt!ttt'ytlf>o \ A ^iS 1 2 
tAA'<yyrl4iOtSnzH. \ A <9 ^ S. K Itt 
0«I16;J<. RAtbAm«l 3 ttUA'iyyr 
1 5 ^nnKtiaAK^RHtn9s\ni 7«<tn«' 
titscif 4 n 6 . = 4i&0IHn0K16. 17 11. 

i>^0ssi stzA:*)eimdtix, 
R«e* /t«ARK®W«AA<tr*jn«J: -i Ktto 
T4’i. y 9yf^WiK IS it z<on»m XU.'/ 
ty-tr4.i|SM»l= K^-f-'^ICfiiay— l-fflMOS 
1*9 y y X ^ t; m fz y '} v y y o y y tz x 9 t9 

SRLT. >t'JTl/-fll'?<!)9'— 



*2J»ai=»Rlty::«^®f»-:^Reic5W-#-*:7 
9»rEB*«AT. iE * » fp * ^ fit t L fc 2^ » 
«ttSRAM*»*£t»<rS-5, ^ U y 9 y y 
0bs<elt. / t'j-ir/i'ti3)ao«ifia«>2^asBtt 
2 at tf y > 9 m i-' i z t iz X 9 . z n t: / ^ 9 
9 y y±iz mm iz9tm-t6ztA<xs 6. 

■ l it m <9 1A m'i 

pji xi£'< *z X 9 K* St m iz X nu . u s a * 

Z X A<X S. L )>> b t ® SE <fc S it it W S» HE 7l t ;p 

ajeici2«f* l fzm say - t- m<o 

MOS l'9>5?Xi'*»SCi4<T*i. 

it:«:«Wtt. tciJ^ttaaV-hSMOS 

h 9 y if X 9 t 9 4 iZ m i-' fz y >J y y y XS y 

y A' iSitii/^V-isA'trm&LX, M SS n R la L 

ms&^A<9imxA^-ofiim»izy - 9 ^tzmxs * 
X -jllLtS RAMt«Rt*« = iJ9<-eS*, 
aicspjtwii. t<oa«;^iW56ttsRAMic* 
i'r, ^ m n A- y . *ytzx9/‘9 9 tsA^ry^i 
<oy-9A<s.ny6ztizntsi.x. ?am mm 2 



-737- 




m f} O 9 7 9 ■yrS»ir'~i'OR*2!#iJS|l0»S 
*CT;l-ciEHtaff<-^flfe* U/: S RAM*3?S-f 

4. IS3iS<!>fi!Il^'iSi<n 

JBia (a) ~ Cc) «*l6iflOM0S h 9 > 
— stjaOTo«a*;s-rjp®B4't<oA — 
A' «J:CFB — B' ffirSBI. S>f2B:U'&<DMOS 

383B <a) ~ 

<c) »4flk®l5fflW®MOS 

W-S-¥EBi-e®A — A' feJlCfB — B' ISrffl 
B. »4B(i-e-®#tt**-#-a. »5S (a) - 
(c) «!llcf40?eWPd®5)ifflEli'?-®A — A' 
isj^CfB-B' ffiSB. 3«6B^»8Bli:4;$en;) 
® S RAM®;« « •; -fe;l-»(l«RW*SK-i-?5fffli®Kia 
SJ9B«SRAM>«U-tA*^<^ — >«)«•*■#• 

a, fflloatt*3SW®SRAM®»(B!ttlfi8*^ 



v-x«a«. Qi, c 

MOS (Say-h 

« U * T I' •< . 1 2 ••• A * ® vs 

vs . 1 4 ••• A :^ ■»< ry V r . IS- 

IS, 17-Sts$4tftiaV8, 18 
3»<3>>5’75-»yavSo 

fflWAftBA #ai± » 



[ 3 ... 

) . 11- 
. 1 3 ■■• m 7j 

- ^ » fS te 2 



ff R @i 



+ Sfffi@*5Slr*4. 

i - p«es las, 2 -#^4^«tt»a«. 




2-3180 ( 9 ) 



® 1 



-741 — 




